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NORTHFIELD  BROOK DAM AND RESERVOIR

SITE_GEOLOGY

APRIL 1962

A. GENERAL TOPOGRAPHY AND GEOLOGY

1. The Northfield Brook dam site is located on Northfield Brook
approximately one wile upstream from the junction of the brook with
the Naugatuck River and approximately one mile northwest of Thomaston,
Connecticut. Access to the site is available on a geod hard-surfaced
road,

2. As shown on General Plan, Plate 1-1, the project consists of
an earth £ill dam approximately 810 feet long with top of dam at Ele-
vation 591 m,s,l. corresponding to a maximum height of 118 feet above
the stream channel. A chute type spillway in rock with weir crest at
elevation 576 m.s,1. is located high on the left abutment of the dam
and an outlet conduit with a drop intake to maintain a shallow per-
manent pool is located alonz the valley boltom at the foot of the
right abutment, The relocation of the existing highway will be on
" the west side of the valley above the right sbutment of the dam,

3, Nerthfield Brook flows through the western highlands of Con~
necticut, a rugged, maturely dissected upland of moderate relief un-
derlain by crystalline rocks, It is a region of rough, irregular
ridges and relatively deep, steep-sided valleys., Glaciation has modi-
fied the topography by rounding and smoothing the bedrock hills and
ridges and blanketing them with a generally thin mantle of till, The
valley bottoms usually are deeply filled by till and outwash except
where present streams raised by the glacial £illing from their old
channels, have encountered bedrock spurs on the sides of the old val-
leys. The bedrock of the region consists mainly of complexly folded
schists, gneisses and granitic rocks, The folds trend generally
north-gouth.

B, DESCRIPTION OF SITE.

L. Ab the site, Litchfield Road runs on a low fill along the
east side of Northfield Brook, The brook occupies a poorly defined,
shallow channel through the f£lat bottom of a former small pond which
existed prior to failure of a small dam located at the downstream
end of the proposed conduit discharge channel, Both abutments rise
at moderate to steep slopes to heights far above the proposed dam,
The lower part of the left abutment is cleared pasture with bedrock
showing in scattered ocutcrops., The upper slope 1s covered with thin
hardwoad growth., The right abubment is thickly wooded upstream from
the centerline of dam with extensive outcrops occurring along the
lower slopes and more scattered outerops continuing upward to the
prominent rock ladges exposed along the power llne above the propossd
top of dam,



C. SURFICIAL AND SUBSURFACE INVESTIGATIONS. .

5. .. Investigations of survey report scope for the Northfield Brook
dam site were made for the Interim Report on Review of Survey, Housa-
tonic River, Naugatuck River Basin, dated 30 June 1958. Subsurface ex-
plorations were not undertaken at that stage of the investipations be=
cause existing exposures of both overburden and bedrock provided ade-
quate information for preliminary designs and estimates,

6. Design investigations were initiated in May 1961.  The pre-
vious report was reviewed and detailed mapping of bedrock outerops at
the site was done preparatory to planning subsurface explorations, An
initial layout of structures was made and 26 borings, as shown on Plan
of Foundation Explorations, Plate 2-2, were completed under contract
by Sprague and Henwood, Inc., Scranton, Pa. to investigate foundation
conditions, Six test pits were hand excavated largely in lieu of bor-
ings in areas where relatively shallow depths to rock were expected.
The borings showed that the bedrock surface was below invert grade.
throughout most of the length of the initial conduit location so the
alignment was shifted approximately LO feet toward the right abutment.
where bedrock occurs at higher elevations, Because of the originally
proposed relocation of Litchfield Road, the spillway in the initial
layout was located near the top of the right abutment. Currently,
however, the State of Connecticut proposes to relocate Litchfield Road
to the west side of the valley gbove the right abutment of the dam and
the location of the spillway has been shifted according to the left
abutment. A few additional explorations are in progress as shown on
Plan of Exploration, Plate 2-2, to investigate conditions at the in-
take and outlet structures for the conduit and for the new spillway
location,

7+ It was recognized because of the general thinness of the
i1l cover in the region and the scarcity of deposits of perviocus ma-
terials that location of adequate nearby sources of borrow materials
for the embankment would be a problem, Early reconnaissance was,
therefore, concentrated in locating the most favorable areas for addi-
tional detailed exploration, Explorations for impervious material have
been made in the area shown on General Plan, Plate 1-1, in and extend-
ing high above the reservoir immediately upstream from the left abut-
ment of the dam. As shown on Plan of Borrow Exploration, Plate 2.8,
17 borings have been completed in the area, to determine the thickness
of the deposit and the character of material available, _Four machine
excavated test pits were also completed to permit visual examination
of the material in place and to provide large samples of representa-
tive materials for leboratory tests. Preliminary estimates based on
explorations to date indicate that it may be necessary to explore an
extention of .the area northward to obtain adequate quantities of re- .
quired material. - ' o
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8.: All borings were drive sampled in overburden and the
bedrock was: diamond-drill cored ‘using maximum recovery type core
barrels generally to a’minimum penetration of 20 feet in rock.
Hydraulic-pressure tests in rock were performed in 13 borings
located along the centerline of dam and the initial. conduit align-
ment,  Descriptfons and detailed clagsifications of material en-.
countered in'all explorations and the results of hydraulic pres-.
gure tests in'réck are shown in the Records of Exploration,

Plates 2-6, 2-7, 2-9 and 2-10, "

D.- SURFICTAL GEOLOGY

9. The topography at the site is closely controlled by the:
bedrock which protrudes in numerous and extensive outerops through
the thin overburden.. The bedrock is mainly quartz mica schist
which trends generally north-south and dips westward at approximately
30° with locsl variations in dip ranging from 15° to 60°, On the
left abutment, because of the structural attitude of the bedrock, the
scatbtered outerops are inconspicuous and lie essentially parallel to
the ground surface as may be seen in photographs of the typical bedw
rock, Figure'l,- so that even the very thin overburden effectively
blankets the relatively regular bedrock surface. On the right abut-~
ment, however, the bedrock surface exposed in the extensive and
generally prominent .ocuterops- ig more irregular with abrupt, steep-
sided ribs and rounded knobs alternating between narrow troughs and
hollows., The overburden in the valley bottom and the lower slopes
of the abutments is composed mainly of poorly sorted outwash and al-
luvial materials. On the higher slopes of the abutments, however,
the overburden is mainly very poorly sorted, highly modified, sandy,
$11l-like materials. ‘ :

E, FOUNDATION CONDITIONS.,

10, The overburden throughout practically the entire site, as
shown on geological sections, Plates 2-3 to 2-5, is thin and con-
sists of variable, loose to compact, poorly sorted, gravelly sands
and sandy gravels with varying amounts of silt and local areas and
pockets of cobbles and boulders generally concentrated at or close
to the bedrock surface, These materials are relatively pervious
to semi-pervious, and in some areas are roughly stratified and
lensed, '

11, In the valley bottom and on the abutments wherever bed-
rock is not exposed, the overburden is generally less than 10 feet
in thickness, In the valley bottom extending downstream from
dbout the centerline of dam, a narrow, relatively deep trough in
the bedrock surface was encountered at boring FD-21, Soil samples
from FD«21 composed largely of weathered rock material taken be-
tween cored samples of moderately hard, fresh rock indicate that
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below 2 depth of 1) feet the trough is filled largely with boulders
or rock blocks to e depth of approximately 26 feet. Other local,
shallow troughs or hollows in the bedrock surface were encountered
in a few explorations along the valley bottom and downstream side of
the right abutment of the dam where overburden occurred %o depths up
to 18.0 feet. ' :

12, The bedrock, mainly quartz mica schist, is moderately hard
and ranges from fine to coarse-grained. In most areas, below the
normally weathered upper zone which ranges in thickness from 1 to 5
feet, the rock is fresh except for localized weathering along open
foliation planes, jJoints and closely broken zones. This condition
cceurs in some of the borings to depths up to 20 feet below the bed-
rock surface. The mica includes both biotite and sericite generally
disseminated but in coarse jhases of the schist, it occurs in felted
layers parallel te the foliatlon, The schist is slightly graphitic
and also Includes scattered thin beds of pods oz limestone and
stringers of calclite usually associated with quartz veins or gran-
itic zones, : :

13, The schist trends north-south and has a general westward
dip of approximately 30° with local variations in attitude adjacent
t0 granitic areas and granitized zones., Because of this structural
attitude, the bedrock surface on the left abutment is relatively smeocth
and regular but on the right abutment a generally irregular, rough and
benched surface must be expected. Joints in the schist and even close-
Jointing in some of the granitic rocks does not appear to have a econ- -
sistent pattern or a persistent trend over any considerable area. In
boring FD-1 on centerline of dam in the valley bottom, badly brecci-
ated rock was encountered in a fault zone from 26,0 feet to the bottom
of the hole at 35.0 feet., Small brecciated zones of 6 inches or less
in thickness were alsoc found in borings FD-21 and FD-22.

1h. Hydraulic preasure tests in rock which were cenducted in
some of the borings generally showed only very small losses at pres-
sures up to 30 psi, At a few locations, however, flows of 3 to 5 gpm
at 10 psi occurred and it should be noted that at several locations it
was impossible to test the upper zones in the rock or to conduct re-
ligble tests because of difficulty in sealing the test equipment in
the hole., Because of the badly broken condition of the rock in the
brecciated zones, pressure tests were not conducted at boring FD.1,
The results and data of all pressure tests are presented in Records
of Exploration, Plates 2«6 and 2.7,

F. SUBSURFACE WATER.

15, Subsurface water levels at the site are generally below the
rogk surface except in the valley bottom where water levels ecoincide
with the stream elevation, Seasonal run-off from the ridges high
above the abutments will, of course, be concentrated at the rock sur-
face and may be retained in troughs and gullies in the rock for brief
periods, ! ' C



G. RESERVOIR IEAKAGE.

16, Upstream from the site the sides of the reservoir are very
wise, largely till-blanketed, bedrock ridges with crest elevations far
above reservoir levels., There is no possibility, therefore, of leak-
age through the sides of the reservoir, ' -

H, CONSTRUCTION MATERIALS.

- 17. General - Since the quantities of rock and earth materials
from required excavations for this project will be small, the major
portion of the dam embankment will be constructed of borrow materials,
An impervious borrow area has been established in a large glacial .
£i11 deposit a short distance upstream from the site. The dam embank-
ment will consist of an essentially homoseneous section of impervious
material from this deposit with a small random £ill zone in which to
utilize material from required earth excavation and rock slope protec-
tion layers utilizing material from required rock excavation. Mater-
jals for use in gravel bedding layers and the internal drainage fea-
tures of the embankment will be obtained commercially since there are
no sources of these materials in the vicinity of the project which
could be developed economically in Government-ouwned borrow areas.

18, Impervious and Randsm Material. - Impervious material will
be borrowed from the area Jocated immediately upstream and above the
left abutment of the dam, The overburden in the area is glacisl
£i11 which, although characteristically variable, consists mainly of
compact, relatively impervious, gravelly, silty and clayey sand with
scattered cobbles and boulders. Borings indicate that the material
ranges in thickness from ¢ feet to more than 75 feet but throughout
most of the area the till appears %o be frem 20 to 35 feet in thick-
ness, The locations of all explorations are shown on Plan of Borrow
Explorations, Plate 2-8, and description and classification of ma-
terials encountered are shown in Records of Borrow Explorations,
Plates 2-9 and 2-10, Material from required excavations at the site,
consisting mainly of random type materials, will be utilized in ap-
propriate sections of the embankment. :

19, Pervious Materials.- There are no feasibly workable de-
posits of pervious materials within the reserveir or in the immediate
vieinity of the site. Deposits of sands and gravels which occur in
the Northfield Brook valley are thin, scattered and very limited in
extent, Pervious materials occur in a large area west of Reynolds!
Bridge approximately 2 miles south of the site. These deposits
have been operated commercially for a long period and,because the
operations appear to have been selective, the area is extensively
pitted and trenched. It ig believed, however, that considerable
pervious material is still available in the area and this material
could be gleaned for use in pervious sections of the émbankment.
Several other commercially operated sources of pervious materials are
available within 15 miles haul distance of the site.

[



20, Rotkfill.- Rock for £ill and slope protection will be
ava:.lable from excavations in rock for the outlet conduit and spill.
way channel and from boulders in required excavations, . The bedrock
consists mainly of -mica sctiist with granitic zones and. occasional
thin 1imy beds or lenses, The 'schist is fine-toscoarse-greined,
moderately hard, very well<foliated and below the upper, weathered
. gone is fresh. The well-foliated character of the schist and its

- tendency to split readily along the mica partings will make much of
the rock from excavations slabby and elongate in shape. In gran-
itic phases of the rock, however, the fragment shapes will be more
- blocky and angular. -Although the schist is generally moderately
hard, in relatively weak limy zones and in local concentrations of
mica, the rock will shatter and break down readily to fine sizes.

If the quantity of rock obtained from required excavations is inadew
quate, additional rock can be quarried from nearby outeropping or
- ghallow bedrock areas within the regervoir.

21. Concrege Agpregates.- It is estimated thab. approximately
2,000 yards of concrete. Trill be required for construction of spillway
weir, walls, and.outlet works:; Investigations of aggregate materials
made in connection with other recent flood control projJects in the
vieinity indicate that satisfactory materials are available from se-
veral commercial sources within 15 mile haml distance. Complete data
. on testing of cencrete aggregates is presented in Design Memorandum
. No, 5, Conerete Materials, Naugatuck River Basin, dated November 1961.

I. CON'CLUSIONS AND RECOMMENDATIONS. .

. 22, Geological conditions at the site and within the reservoir,
as disclosed by reconnailssance and foundation explorations, are gen=-
. erally favorable for construction of the proposed dam for retertion
of both a low permanent pool and a high level floed control impound-
ment. All geological factors relative to foundations, excavations,
leakage and natural borrow materials are being considered in prepar-
ation of designs and specificationg, Although no major problems con-
gerning engineering geology are anticipated during construction, a
digest of the geologie factors involved in design and construction
will be prepared for the information and guidance of field construc-
tion persomnel., The digest will also point out the availability of
Division geologists for consultation during construction regarding
phases of the work which involve'geology.

23, Bedrock is avazlable at relatively shallow. depths for eut-
off and for foundations at’ all structure locations, Throughout most
of the foundation-area, the upper'l to 5 féet of the bedrock is
nominally weathered and ¥s broken by close joints and open foliation
planes but below the nominal weathered zane the bedrock is gensrally
- satisfactory for foundatlons for heavy structural loads, -A recently
completied boring at the location of the conduit intake structure in-
dicates a badly weathered. and ‘broken condition to a depth of approxi-
mately 20 feet but at foundat.ion grade relatively fresh, hard rock
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should be available, The invert of the conduilt is well below the rock
surface except In the vieinity of boring FD-8 where a broad gully oc-
curs in the rock surface, Local irregularities in the Hwttom of the
rock gully, together with loss of slabby or closely jointed rock during
excavation at and immediately below the rock surface, may require ex-
cavation to satisfactory foundation below invert grade along a short
reach -of the alignment. Regardless, however, of whether final rock
foundation occurs at or c¢lose to grade in this reach, rock will not be
available above invert grade on the stream side of the conduit for sup-
port of the embankment load, A%t the spillway the bottom grade of the
channel has been established sufficiently deep in rock to maintain
adequate free board throughout the discharge channel, In.the vicinity
of base~1ing Station 5+40, the small gully shown by the surface topo~-
graphy is underlain by a corresponding depression in the rock surface
so that the rock wall on the stream side of the channel is low and
could be disturbed and further lowered by blasting and excavation. It
is believed, however, that even in this short reach ample freeboard
can be maintained, .

2. Both conduit and spillway alignments cross the general
trend of the bedrock structure at low angles so that excavations will.
tend to be asymetrie with the steeper slope on the down-dip side of
the cubs and considerable overbreak behind excavation lines. The ef-
fectiveness of line drilling and close drilling in reducing overbreak
will vary along the conduit excavation and at structure lecations de-
pending not only on the condition of the rock and the attitude of the
rock structure but.also- on the composition of the rock, Where the
schist is variably granitized or cut by irregular granitic stringers
and dikes and where softer limy pods and lenses occur in the schist,
control of breakage within small tolerances cannot be consistently
maintained. Line drilling for large areas at structure locations,
therefore, 1s not considered practical. .

25, .Throughout the' excavations in rock design slopes of L on 1
are considered reasonable. Fallout of slabs and blocks will ocecur,
however, particularly on the up-dip side of excavations wherever
locally graphitic and felted micacsous rocks with smooth foliation
planes are intersected by close jointing behind the excavation face.
It will 2ls0 be necessary to roll back the excavation slopes along
the crest of the deeper cuts.to avoid fallout of loose blocks from
the 1 to 5 foot thick upper weathered zone in the rock. The overbur-
den will be cleansd off in a zone 10 feet wide along the top of exca-
vations in rock to permit inspection of the rock surfsces for pos-
sible detection of inciplent slides and prevention of fallouts of
boulders and loose blocks. .Although the rock cuts are generally less
than 4O feet in depth, rock cuts on the uphill side of the spillway
discharge channel as presently planned, will be up to 55 feet in
depth. Chain link wire safety mesh will be provided for cut slopes
. in rock where the rock structure or condition indicates possible
.+ hazard from rock Talls. - Reck bolts-will be utilized where necessary

and feasible to-stabilize rock slopes.’ Anchors will be inclined to *
engaga the maximum quantity of sound rock, - _
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26, + Bedrock is availeble at shallow depths for impervious cutoff
in‘the embankment foundation. . Seepage can occur through the nominally
weathered and broken upper zone in the rock which, although it does
not: occur: eontinuously throughout the foundation area, is sufficiently
pravalent to be considered a general condition for design purposes. .
The zone ranges generally from 1 to 5 feet in thickness but locally .
may be up to 8 feet thick, Below the upper zone of weathering, seepage
can also occur along open seams, mainly weathered joints and foliation
planes, which occur in the-bedrock to depths of more than 20 feet be-
low the rock surface. . The fault zone encountered at boring FD<l and .
the smaller brecciated slippage planes which were fourd at borings
FD-21 and FD~22 also indicate the occurrence of possible seepage paths
through the foundation:rock. . Hydraulic pressure tests in rock which
were conducted at most of the borings along the centerline of dam-and
the initial conduit alignment show that significant water losses oo~
curred at a few locations. In view of the general structural align-
ment of the bedrock in relation to the axis of the dam and the overall
condition of the rock, a grout curtain will be required at the cone .
crete weir, .outlet conduit and in the -cutoff trench for embenkment :
foundation at least up to Elevation 500 m.s.l. which is the level of -
the permanent pool: The necessity for grouting to the full height .of
the flood control 'pool at Elevation 586 will be determined after com=
pletion of design studies. for the embankment,

27. Rock from rock excavation and boulders from required. exca-
vations will be suitable for use in slope protection and rockfill on
the embankment. Particle shapes will tend to be slabby and elongate
in the predominantly schistose rocks but where granitic rocks and
granitized phases of the schists are encountered, more angular and
blocky shapes will be obtained, . Breakdown of the rock in relatively
soft limy zones and mica concentrations during blastine and handling
is expected to produce a relatively large propertion of undesirable
fines, It is estimated that the excavated rock will increase in vol-
ume by a factor of approximately 1.3 over insitu volume but breakdown
and other losses are expected to considerably reduce the bulking,

No unusval difficulty is expected in excavation of the $ill in the
impervious borrow area, Ground water levels are indicated to be close
to the ground surface in some of the observation wells installed in
borings but relief in the area is sufficient so that adequate drainege
can be provided readily. :
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NOTES 3
£levotions refer to Meon Sea Level Datum
For Locatidn of Borrow Explorations, see Plate No. 2+8

For Legend of Graphic Logs and applicable notes,
see Plote No. Z2~6
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